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^^^^äiiMjHCLASSiFlED 
Wptertown ArBar.al Laborntoyy 

Maniorandun a«port MAL 710/57? 

Partial S«port on Problan B-7.3 

23 Oaomber 19^3 

M»tallTggical Examination of D»feotiTe and Satisfactory 

Halatti and Halaet Sttel Stock yiinil«had by tha 

MoCcrd Hadlator and Manufacturing Coaptny. I)»trolt. Mlohlean 

1. In the continuation of the InTattlgatlon of the d«faoti In 
Hadfleld mangaasse ste«! which Influence the breakage of Ml belmati 
both during rarlous aanufaoturlnc prooeeeee and in eerrlce,  eighty-ilx 
e&mple« of defective and eatiefactory heLnett and helmet eteel dlaes 
supplied by the MoOord Hadia'or and Manufacturing Oenpany, Detroit, 
Michigan, were ezaalned at thle arsenal.    (^'——__. 

2. Prerious etudj of similar material supplied by the Sohlueter 
Manufacturing Ooapeny of St. Louis, Missouri, indicated that helmet 
breakage and ballistic failures encountered at that plant were traceable 
to sorfaoe deoarburlsation of the austenitic manganese steel resulting 
in the formation of brittle, martensitic soriace layere and to laminations 
of martsnsite below the surfaoo of the helmet stee>l nrobal .y resulting 
from residual ingot piping.    The results of this preliminary study are 
contained in Watertowa Arsenal Laboratory Memorandum leport Mo.  HAL 710/571. 
28 August I9U3. 

3. Che following conclusions result from the examination of the 
material prorided by the McOord Badlator and Manufacturing Company and 
from farther examination of eome of the Soh7ueter Manufacturing Oompaay 
samples: 

a. Breakage during forming of the subject helmets was eaussd 
by the following metallurgical defects: 

1. Surface decarburlaation. 

2. UadissolTsd carbides forming grain boundary network«. 

b, Surface deoarburlsation results la the .formation of hard, 
brittle martensitic layers.    She maximum obserred hardaess of the de- 
oarburlsed layer was 593 Knoop Hardness Suabetr. 



ü CLASSIFIED 
o.    The "onloa-Bkin" concLition Is not & rcliabl« g*£« of wurfao« 

decArbtirizPtlon.    ▲ c^Aracteristic mottled condition la obserred on »any 
d»c«r1mrif»d ditos out not on all. 

d. The 180° band test a« deaoribed in paragraph E-l of 
Sptoifloation AlS-61*5(fiaT.  1.},   "Helmet Steel. Ml*, If proporly applied 
«nd Interpreted ia oapabla of rejecting araoh of the tmsatlgfaotozy eteel 
halng delivered to the helmet fabrioaton. 

e. The reaulte of the 180* bend tett correlate well with the 
■agnotio Tost dereloped at this arsenal.    Metallegrephlo axaalnatlon 
«ihetantiatee both tost« in all oasoa. 

f. The Olsen (ruppln;- teat, although capebl« of differentiating 
between aatlsfaotory and defect ire steel, ia not aa practicable an in- 
spection tool as either the 180° band test or the magnetic tast. 

£.    The spot velds of th« special aagnoti« "U* type chin  strap 
dips ware oonaistentljr unaatlafactory.    Thii ia not attributable to in- 
herently poor spot walding characteriatica of austenitic mangauaae ataal 
to lov carbon steel bat to poor voiding tachnicjao «alloyed upon the 
submitted saiqplaa. 

h.    Spot welding ezperlments performed at this arsenal indicate 
that both the 18-8 type of atainlass steel and lov carbon steal can ba 
aacoaaafully ipot valdad to auatanitio manganese ataal.    18-8 stainless 
ataal fonss a spot void approximately one-third atroager than does lov 
carbon ataal of the same gage 90t veldal to Hadfield manganese steal sheet. 

i,    Sevan of the twenty helmets forwarded to this arsenal« after 
examination at McCord had aaoertained they were free from cracks,  vere 
found to have edge crueka upon examination at this ersenal.    This delayed 
cracking ia believed associated with a condition of high residual  etrosses 
in a ateel of high sotch sensitivity. 

*♦.    The material received from the McCord Badlator and Manufacturing 
Company and some of the ataal supplied by the Schluater Manufaotoring 
Coaqpany azaclned in the aubject investigation is Hated in Table I of 
the appendix. 

5.    Details of the metallurgical examinatien are aa follows: 

a.    Appearance of Surfacea of Helmet Blaea — 

The peraonnel of the McCord Badiater «nd Manufacturing Company/ 
recognise certain forface conditions on helmet dises variously described 
aa "onion-skin" or "rough surface" which they believe are associated with        ~ 
helmet breakage during the forming operation«.    In addition,  they express 
the opinion that dents,   excessive varpage and surfs eg scratches on the  -1 
helmet discs contribute to draw breakage. ^     jtributloo/ __ J 

ff^tf^p 
cial 



RJSSTEICT£D 

PrsTlouE exaainatlon of hslmft ditoi having both imooth and 
rough surfaced* rtvealed that  ths discs with rough sorfacos vor« dooarburiiod 
to  i.s extent that layers of martaaslte up to 0.0017" thick were formed 
at the surfaces.    Decarburlaation to this extent was found responsible 
for a levering of the ballistic limit of the annealed discs by as much as 
20% when tested with caliber .^ ball ammunition, md for Increased helmet 
breakage during the forming operations. 

figure !▲ is a photograph at a oagaifioatlon of X2 of a 
portion of the surface of a helmet disc harlng a typically  smooth surface. 
The fine parallel lines indicate the direction of rolling.    Tlgur« IB Is 
a photograph of the mottled condition obserred on sereral of the previously 
examined helmet discs exhibiting a 'rough surface",    figure 1C Is a photo- 
graph of the surface of a helmet disc exhibiting an ■onion-skin*  surface. 
Netallographic examination of several discs having "onion-skin" surfaces 
revealed the absence of a decarburised layer.    It is believed that this 
condition results from surface etching produced by a slight overpickllng 
during the processing of the sheet steel, and is not considered deleterious, 
having been observed on .may discs from vhich helnets have been successfully 
formed. 

The mottled appearance, figure IB, has alec been observed on 
numerous helmets supplied by both the Sehlueter Manufacturing Company 
and the KeCord Badlator and Manufacturing Oonpany vaioh broke during the 
drawing operation because of surface deoarburisation.    dare have been 
instances where deoarburiied discs did not exhibit a mottled surface but 
bad smooth surfaces.    The surface appearance is net, therefore, an entirely 
satisfactory gage «f the presence of surface deonrburlsation, although 
discs having a mottled appearance should be considered suspect. 

The ten discs of eeries A and B (see Table I of the Appendix) 
were examined for surface condition and then eab.jected to magnetic** and 
microscopic examination.    The results are ecntained in Table II of the 
Appendix.    Of the five discs selected at the NcCord plant as having poor 
surface conditions, only two are unsatisfactory because of metallurgioal 
defects.    The dented ooudltiou of two of the dlsos resulted from meohanieal 
abuse,  while the "onion-skin" surface of the remaining disc is not con- 
sidered harmful.    Of the five discs selected as having satisfactory surface 
conditions,  three are of good quality, and two are deaarburised to an 
extent believed capable of causing increased draw breakage.    Of these two, 
one has a slightly mottled surface and one a smooth surface;  demonstrating 
that the surface appearance alone is not a satiefactory criterion of the 
existence of deoarburisation. 

*Vaterto«n Arsenal Laboratory MsDorandum Report No. WAL 710/571,  28 Aug. ISk}, 
pages 6-7. 

** Vater tow Arsenal Laboratory Memorandum fieport So. WAL 710/371.  28 Aug. 19U), 
pages 7 and 8 and figure k for details of the magnetio test. 
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i»    Hacietic I«et 

The halmets of asrles C,   D,  I,  F,  A, and H (nee Tnble I of 
the .Appendix) vorft «ub.lectod to the suvT^atlo tost, and the results nre 
contained In Table III.    Previous ae^netlc teats vidch were  supplemented 
by aicrcacopic eccaainAtlon led to the conclusion thr-t a trnrerse avny 
ft-oa the vertical in oxcees of 10 inches represents a degree of de- 
oarhurlsntion responslljle for poor deep dravlns characteristic», while a 
tracrerso of leas than 6 Inches n .presents freedom froa harmful de- 
carburizatlon.    Cold -.«rkins of the Hadfield steel does not change the 
magnetic properties of the steel sufficiently to a.Tjireolably affeot the 
eecsitirity of the magnetic test used at this arsenal to detect the 
presence of surface decarburlaatlon. 

line of the 45 helnets subjected to the oagnetlo test showed 
traverses away from the vertical in excess of 10 inches.    Of these nine 
helmets,  five had cracked during the foiming operations.    The four re- 
maining decarburised helmets which did not orach were all fabricated froa 
steel supplied by the Carnegie-Illinois Steel Coroorstion.    Previous mag- 
netic and metallographic examination of Carnegie-Illinois helmet discs* 
indicated that  steel produced by that company teads to be deoarborlsed 
on one surface only, with the other surface essentially free from de- 
oarburitation.    If such disc« are placed in the forming dies so that the 
deoarburised surface beeoaea the inside surface ef the helmet,  the fine 
networks of cracks which form as the brittle aartensitic surface layer 
ii  subjected to deformation are confined to the inside of the helmet and 
are not as dangerous as they would be if they were formed on the outside 
surface of the helmet.    It would be expected, however, that  the bellistio 
properties of such helmets would be adversely affected by the inner de- 
oarburised 8urfc.ee. 

Helmet So. CIO. which was successfully forued from Oarnegie- 
Illincis steel found to be deoarburised only upon the surface corresponding 
to the inside of the helmet, was ballistioally tested with caliber .^ 
ball aaaunition and found to have a ballistic limit of 82h ft/sec.    Previoue 
ballistic tests of Hadfield steel hslmets**  showed that good quality helmets 
have an average ballistic limit of approximately 1000 ft/sec, or 175 ft/see. 
higher than that ef helmet No.  010.    This result is in agreement with other 
firing tests conducted at this arsenal which indicated that deoarburised 
helmet steel has a ballistic limit as much as 200 ft/seo. lower than that 
of steel free from deoarburisation. 

o.    Bid Test 

Paragraph 1-1 of Specification AXg.£l45(HOT.  1.)   "Helmet, Steel, 
Ml" reads as follows! 

'Steel.    The steel shall withstand, without cracking on the outside 
of the bent portion; being bent cold through HO* flat back, in either 
direction.11 

*See Hsport Ho. HAL 710/571, page 6 and figure IB. ~ —— 
••Heport Ho. HAL 710/439,  20 June 19U2 and Vatertem Arssnal Tiring Record D-13. 

6 September I9U3. 
-4- 
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for refaftono unknown,  the bend test as desorlbed in the 
gpeclfication Is not applied as b routine test to check the steel quality 
either "by the helmet fabricators or by the Qrdnaaoe Department. 

To investigate the validity of the bead Ust,several steels 
nhioh had previously been subjected to magnetic tests and mioroeoopio 
examination, were investigated.    These steels are as follows: 

Mo, 
Helmet 

fabricator 
Schlueter 

fabricator's 
Lot Mo. 

6» 

Mfgr. of 
Steel 

Sharon 

Mfgr. 
Heat 
Mo. 

72195 

Magaetio 
Traversa 
Inches 

3.5 

Besults of 
Microaaopla 
fixaaination 

O. Äxcellent quality 

k Schlueter 6> Sharon 72202 10.0 
Sjpc tty decarburlsa- 
tion - .001" Ihisk en 
both surfaces 

GB KeCord 575 Carnegie 2^6803 11.0 Oeoarburiied an ene 
surface 

SB NoCord 5S7 Sharon 72M03 19.0 
Decarburieed - .0017* 
layers on both sai- 

faces 

01 Schlueter 37B Sharon 7aDUh 37.0 Martensite lamlaatiaa 
below surface ef disa 

Two three inch wide atrips of the above steels were bent in the 
following manner.    The strips were inserted in the Jaws of a visa with 
approximately two inches protruding above the vise.    The projection was 
hammered down to produce a 90° band, and the bend vas then continued in the 
Jawa of the viae until the back surfaces of the strips were in contact. 
One strip of each steel was bent in one direction, and the second in the 
other direction,  so that both surfaces of the steel vere subjected to tension 
on the outaida of tue bends. 

Photographs of the bend test aoaples of the five steals at 
magnificationa of 12 and 15 ere shown in figure 2. 

Steel El produced no cracks whatsoever en the outside of the 
bends of both spaeircns.    This steal had been found to have satisfactory 
deep drawing charaoteristies, a low magnetic traverse, and complete freedom 
from decarburl sation. 

Steel k showed only tiny cracks on the surfaoes of both bands, 
and according to a strict interpretation of the wording of the specification 
probably represents a borderline rejectable oonditlou.    A magnetic traverse 
of 10 inches also rspresents a borderline rejectable eondition.    A oloae 
correlation is Indicated between the bond and the magnatie tests.    Steel 
from this lot (Sharon heat no.  72202) had produced helmets which failed the 
ballistic acceptance test because of the presenee ef martenaitic surface 
lay er a resulting from deoarburlxation. 

-5- 
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Steel CB la of consldernble Interest.    MetallograpMc 
examination had rerealed the presence of decertarlsation on only on« 
■urface.    Th« bend with the daoarburiied «urfaoe en the outside produced 
the crack* «hoim in figure 2.    Th« hand with th« un4e«*rburlsed «orface 
on th« outside produced an uncrack«d ^ip«ar«nc« siBllar to that obtained 
with steel XL.     This experience «o^hasis«« th« necssslty for conducting 
th« bond test in both directions «o  that both nrfae«s of th« steel will 
b« equally   subjected to the tonsil«  stresses occasioned by th« bending. 

Steel CB weald also b« cor.sidered r«J««tabl« under th« 
wording of th« ■pocifloation. 

Steel SB oraoked sorerely in both directions upon being bent. 
This ateel «howod a Mguetlc traverse of IS" and «as Aecarburlsed on both 
surfaces,  with 0.0017" thick layer« of Bartsnslte being darelopod on th« 
■orfao««. 

Steel Cl qplit open upon being bent.    Metallographie «xaalnatlen 
rerealed th« presence of a laaination of raartenslt« below th« surface of 
th« steel.    Sxi« laaination probably originated in am ingot d«f«ct that 
waa rolled out in the sheets.»    This steel had a aagaatio trarara« of 37a* 

She band tost waa alao appliad t« «trips out froa discs 
A1-A5 and B1-B5.     Th« results checked tha ■agnatic test;  discs Al. 12, A3. 
Bl, 12,  and B3 farming no cracks and discs Ah, A5, BU, and B5 cracking to 
the approximate «xtaat  shown by  steels U and CB in flgora 2. 

Tha results af tha band test indicate that atrlet application 
of this tast is capable of rejecting steel whieh is d««arburls«d or 
laadnated to an extant haying a deleterious effect vp*n th« deep drawing 
and ballistic properties of Hadfleld aanganaa« st«el ah««t. 

d.    01 ««n 0Bg>plag T«st 

Th« r«suits obtained to dato with th« Olsen cupping t«st 
indicate that the quantltatlre ralu« of th« height «f th« cup at  th« moment 
of fracture la not always a reliable index «f ductility in that d«f«otiT« 
steels have b««n occasionally found to hare high Olssn numbers.     Tha 
appearance of tha cupped area does,   howerer, present aanaidarabla informntlet. 

A steel free from metallurgical defects present a very smooth 
surfaces on tha outside and Inside of tha Olsen evpt see Ylgur«« 3A and 1. 
Whan a daoarburiiad steal is eubjected to th« oupplng teat, a network of 
fin« cracks siailar to those formed in tha bead test appears on both tha 
outside and in aide surfaces of tha cup giring It a roagh appearance,  a«« 
figures 3C and 9.    figure 39 alec  shows tha characteristic mottlod «urface 
appaaranc« frequently associated with decarburltatiea.    Steal containing 
aartenslte lamination« below tha surface fracture la a Tory characteristle 
aannar,   aaa figures 31 and f. 

*S«e B«port I«.  iAL 710/571. P«£« 5 «ud figur«« 10 and IB. 

-6- 
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Baeaus« the quantitatiTe Talu« obtalaad fron the Olsen 
zvpping test it unreUabl» for tpacification purpeeet, and the qualitatlre 
appearenoe duplicates to a lese latiefaotory degree the resulta of the 
bead test, the Olsen oupping teat la not reeoanaadad for use aa an in- 
spection tool.    The bead test is by far a aiapler fvalltatiTe teat, «hlle 
the magnatio teat la unsurpassed aa a quantitatiTe teat. 

• .   Mioroaeepje teaaination of Helaeta and Helaet Dleca 

Speoimans for aetallographlo exaainatien were prepared froa 
diaca Al. 12. A3. Ah, ▲5, Bl. B2. B3. B^f and B^. end from cracked helaeta 
BL. DU.  j£, SL,  12, J5, 76. and TS.   aee Takle I. 

The alerostructures of diecs Al, A2, 13, Bl, B2. and B3 
oonaisted of equl-axed auatenita grains free of undiasolrad carbides and 
surfaoe decarburiaation.    Tt* freedom from metallurgical defeota would 
inaure WMA — deep drawing properties.    The magnetic traverses of theaa 
disoa rarlad from 0.5" to b 0".    BLaca Ah, A5,  Bk, aad B3 were also free 
froa undlaaolTed carbidea, but one aurfaoa of each of thaae diaca waa found 
to be irregularly decarburiied. with martanalte lajrers having a maiiaum 
width of 0.001" occurring at the surface.    The martensite layera on all 
four diaca were diaoontinuoua. the diaoontinuitiea apparently coinciding 
with the mottled appearance shown in figure IB.    The aagnctio travereea 
Of dlaoa Ah, A5. BH,  and B5 varied from 8.3" to 10.3", which repreeenta 
the borderline rejectable condition. 

The cracked helmets examined in this investigation preaent 
two diatinct metallursical defect»—surface deearburication. and undissolved 
grain boundary carbides.    Of the helmets examined, SI aad D4 ware badly 
deoarburised.?iguree Ul and B, and helaeta D6, U, £2. 13. T6.  aad K 
oontainad varying amounts of undissolved grain boundary carbides, figures 
kC and 2).    Staall cracks which frequently occur in the aartanaitio laysr 
of oold-worked decarburiied helmet ateel are shown ia figure UB.    The 
carbide grain bouadary networks are believed to be the result of either 
too low an austenitiling tenperature or too abort a tine at temperature, 
resulting in inooaplete solution of the carbide in austenite.    Sxactly 
aimllar mloreatructurts have been produced at this arsenal by quenching 
helaet  atook from ikj^J,* 

The lew magnetic travereea of the helaeta which broke beoauae 
of the embrittling affect of grain boundary carbide» Uluatrate the 
insignificant affect of both cold working aad undiaaelved carbides upon 
the eenaitivity ef the magnetic teat. 

lb ooafirn that the aioroooaatituent eoeurring at the aor- 
faoes of decarburiied helmet stock ia martensite, Kaaep hardness aorv^jra 
were made on numeroua oroaa-aeetioaa of deoarburited material,    figure» 
3A aad B are photomicrograph a of Kaoop hardaeaa trawersea acrcaa a section 
out from helmet Vh which broke daring the forming operation.    Tbo hardaeaa 
•BS Keport lo. 710/U30 "Helaeta - i5r3S5i cf a Teat for Hadfield 
Manganeae Steel Helaeta'. figures 3 aad \, 

-7- 
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of th« deo&rbuxiaed layer it 593 Kcoop,  while that ef the cold worked 
base metal it 339-370 Xnoop.    The K&oop hardBeee nuiibers in this raa^re 
are roughly equal to the Tickers Pyraaid hardness nun^ers.    Hardness 
surreys Bade on sauries of decarhurlzad helmet steak in the annealed 
condition    -ow hardnesses of 336-395 Knoop in the decnrlmrised layer and 
an averaga of 222 Knoop in the hase oetal.    Tha daoarburisad surface 
layer prohably consists of a mixture of auetenite and martenelte,  tha 
amount of Bartensite,  and consequently the hardness, being a function 
of the extant of decarburliation. 

f.    Hiorosoepio a»aination of Spot Welds of a^eoial 
Ma^Tietic "U" Type Chin Strap Olipa 

Helmets 01. 02, Ok. and 03 were prorided with special "U" 
type chin strap clips made from low carbon steel wire spot welded to the 
helmet bodies.    They were forwarded to this arsenal far a etudy of the 
bond between the low carbon steel and the anstenitie Baaflsaese steel and 
for coaparleoa with the spot welds of the stainless steel chin strap clips 
used in production. 

Previous examination of spot velds between the stainlers 
steel chin strap clip a and the helnets had disclosed «any undesirable 
features tending to produce serrlce failures of the welds.    These features 
include Meld porosity,  interdsndritic cracking in the fusion somes, and 
serere notch effects resulting from faulty design ef tha ollp and the 
aethod ef attachment. 

the ferrltle clips were apparently welded to the helmets 
with the some technique employed with the stainless et*el dips noraally 
ussd for this application.    She welds had a rery an satisfactory appearance. 
BxcessiTe pressure had «ridently been exerted, resultimg in the flattening 
out of the ends of the ferritio clips to such aa extant that they ware 
seriously weakened.    Tor example,  the clips on helmet 03 vere readily 
broken off by grasping the ria of the helmet In the palm of the hand and 
pressing Inward on the clip with the thumb.    la addition, either too large 
a current or too long a time of sppllcatlon of current was used, resulting 
in exoeseiTsly large heat affected tones,    k cursory exsmination of the 
aboTe factors indicates that a spot welding technique has to be carefully 
dereloped for each material.   A technique producing satisfactory spot welds 
between 18-8 and Eadfleld will not necessarily prednee the same quality 
of weld between low carbon steel and Kadfleld. 

The eight spot welds on helmets 01 end Oh wsrs prepared for 
microscopic examination.    Without sxception, all ef the welds exnalned 
exhibited eerere fusion sons cracking.    Phetomleregraphs shown In Tlgnres 
6A,, 2, and 0 illustrate the extremely poor welds.    The cmcking was entirely 
confined to the austsnltio steel, occurring at the boundary between the 
base metal and the molten pool of the weld. 

RISTUOTID 
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Tht poor quality of theoe experimental velda dornet n«- 
CMMurlly proT» that low ewbon steel and auetcnltle nenganese steel 
uere inherently poor voiding ohnraoteristics when spot uelded together, 
but does prore toet the «elding technlqve enplored ves un^tisiYctory. 
Ifilh this in mind,  apet welding experiiceats were initiated at this 
arsenal to deteormlne if low carbon steel can be sacoescfally spot welded 
to Hadfield aaagaaeee steel. 

£.    liperiaital apet Welding of 18-8 Stainless Steel 
end Ley Carbon Steel to Hadfield Kan^aneee Steol 

In order to eraluate and conpare the streagth and quality 
ef spot welds between 18-8 stainless steel and austsnitio aanganese 
steel to welds betwear low carbon steel and aanganese steel, tensile 
test speolaens, as ahovn in figure 7, were spot welded together and 
tested. 

She 18-8 stainless steel and the low eaxfeon sheet steel 
were procured in 17 gage (0.0*>8") thicknesses.    The Hadfield helaet steal 
stock consisted of good quality steel O.Okk' thick, produced by the 
Sharon Steel Oorporatlon, heat #72195.  Schlueter lot #62d.    Xhe 5" z 1* 
strips of the rarious aetals were sheared to siie, and spot welded to- 
gether with an JHelar, ^Kfd. 5t)0 rolt spot welding maaiiine.    The current 
was applied for approximately 1^ seconds for each of the three spot welde, 
producing welds aTeraging 3/16" in diameter. 

Six tsmslle apeolmsns were made of eaoh of the two metals 
egaintt the auatsmitie manganese steel,    fire of each vex. pulled in 
tension, and the sixth seetioned through the spot voids and prepared for 
microscopic examination,    the tensile strength» ef th* indirldual apeci- 
rnens are contelned in Table IV, and the arerege etrsngth of the welds 
between the different material s are as followa: 

Breaking Load - Pounds 
m Material (Arern^e o_f five Teats) 

18-8 to Hadfield 360O 
Low carbon steel to Hadfield 2750 

In general the veld failuree resultsug from the tensile 
tests oocurrel by the pulling out of the weld heads from the Hadfield 
steel,  the separation ecourring in the heat affected tone of the Hadfield 
steel. 

Sh« results of the tensile tests iodle^.te that either 18-8 
or low oaibon steal should prove satisfactory for application as helmet 
attaehmente providing the spot wslding is oon&xoted between two contacting 
parallel surfaoes. 

-?- 
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TL* micro»tructuret 0/ the spot weldi bttwe«n the different 
■etale are ohown in /Igure 8 along with the reeults ef Xnoop herdnee« 
flurregrs through typical tpot welds.    Slight pore el ty ie erideat In eon« 
of the welds,  ae voll as Interdsndrltio shrinkage creeks In one of tho 
stainlsss stool 90t voids.    Satisfactory spot voids can, hovoror, bo 
obtained vith either material and tho qoality of the velds «ay be further 
laproTed by additional eaperlm«itatlon vith rarlou« techniques. 

h.    Stress Oradcin^ of Helmets 

Preliminary voxk at this areenal indicates the existenoe of 
high residual stresses in the helmets, both tsnsila end coqpressiro, ro- 
salting from tho sororo oold working in tho toru.\a.£ operations.    Hesldual 
stresses in prodaotioa helmets as high as 6k,500 poumds per sq. inch hero 
already bean moasorod.    Although the subject inrostigatlon is not directly 
conoemod vith tho consideration of tho effect of residual strsssos upon 
tho eerrice life of holmetc,  eome of tho helmets studied in this Inresti- 
gation proTido Illuminating information regarding sorrico bohaTior of 
helmets. 

Tho twenty helmets ef series Gt and H,   see Table X, ware 
forwarded to this arsenal in the drawn, trimnod, and spanked condition, 
without edgings or chin strap clips attached and unpainfced.    Iheao helaete 
had been carefully examined at tho McCord plant prior to shipmsmt and 
were described as being «mtiroly free from cracks.    Shortly after receipt 
at this arsenal,  the holme*» wore re-exandned for defects.    Ons or more 
cracks, Tarying in length from 0.3' to 2.0*. wore found extending from 
tho rims of soTsm helmet«.    Details regarding the dofocte located on tho 
helmets are contained in Table ?. 

It is beliored that such cracking is associated vith tho 
highly stressed condition of a steel that Is very notch sensitlro.    In 
many caeer of sorrico cracking, the crack ia obriously associated vith a 
notch, but In numerous instanooe, once the crack has occurred, tho prossmoo 
ef the original notch cannot be rerlfied.    It is possible that, in many 
inetanoee, -ery small edge cracke occur Immediately upon trimming or 
spsaklng ef tho riser but pass undetected at the fabricator's plant and 
are subsequently cerorod up wh«i the stainless steel edgings are fastsnod 
around tho rim of tho helmets.    These crack• then grow longer vith time 
due to a combination of blgh residual strosses resulting from cold vorkimg 
with tho stroosoo eocaeioned by normal eerrioo. 

Xho problem of serrice cracking is being inrostigatod ia 
grsatar do call, vith sorer al hundred cracked helmets returned from tho 
field «railablo for study.    Seas ef the eerrioo craokiag is dsflnltely 
associated vith tho preriously described metallurgieal defects, namely, 
deearburisation and nndissolrsd carbides;  eome can be traced to serere 
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ne««h«t in tL« «d«« «f the halatt raiultin« fron trirwlag vlth nloktA 
dl««, but  th« underlying o«us« is the hlj^aly str««««A «oadition of th« 
b«liR«t «hell r««altin^ fr«» an «itr«m«ly »«ver« ««la forming operation. 

6.    It ha« bo«a d«aenftrat«d that oartala Metallurgical d«f«et« 
ar« aor« or l««« coraaonly a««oeiat«d vlth «OBoiorolall^ produc«d Itadfiald 
«teal h«la«t «took.    Ih«M notalXurgloal daioct« haer« a ver>' definit« 
relation to th« breakage of h«lB«ta, both during oaaaifaoturlag and in 
«•rrio«, and a«a««^n«xtl/ suit b« aatiralj eüBdnated if tu« h«lia«t I« 
to b« oontiauod in prodnctloa with it« pr«««nt cL««igB and manufecturing 
teohnifciee.    Th« adoption of a «poci float ion oororiag th« quality of th« 
•teel purchaeed for th« helmet applioation i« th« «aly m«thod whereby 
netalluxeloally defect ▼» steel can be di «carded. 

▲. Horliah 
A«eoo. Motallorglat 

iFPBOTIS: 

v! ▲. lumxvs. 
MaOor, Ord. Dopt. 
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Steal S.    Schlueter Lot 62A.     Sharon Uoat 72195. 
Ho decarbturiiation.    Macnetio trsrorao - 2.5". 
Surfaoo typical of «ati »factcry hclmot it**l. 

Stool OB.    MoOord Lot 575.    Camoglo Boat 2H68O3. 
Docarburlgod ittol.    Magnatlo traroroo -> 11.0". 
Mottled ourfaoc condition dbiozrod on nuaerous 
dooarburiiod disci. 

ffS:''i 

-^ «f«.  »/ > 

BIN A3. MoOord Lot 596-O.    Oarnogio Boat 255799. 
■ttiloiiF.*!«'» «urfaeo.    Magnetic trareroo - 4,5■. 
*' dootftouriiatlon.    Surfaoo condition proMkly 

aoTby etching daring pickling. »"•"•^ 
lo d 
caui 
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Magnetic 
Trarerset 
D«f*ct: 

SI J+ CB SB Cl 
Schla«tpr b2A i üohluetcr 63AiMcCord H75|McCord 5«?    jSchlueter V2 
Sharon 72195    : Sharon 72202 ■'Caiie^ie    !Sharon T^^kjlSharon 72044 

2Ub803 
2.5" 10.0" 11.0" 19.0" 37.0" 

Hon-» Daciurbdrliad   -Decarb'iriiod Jacexourlzed   Lamination of 
uarttnait« 
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Side View                            -*>                           X2    In tide Viev                           -B-                        X2 
Ste«l 1 - Sohlueter Lot 62^,  Shnron .-.eat 72195.    Satisf; ctory ateel.    i^pearajioe of 
cup prior to fractuT'v     Surface of Btr,el is smooth nnd free from oracks.    Magnetic 
trarersc - 2-5".  

Side Yiew -C X2    Inside ?lev -D- Ig" 
S!^«f : SÜÄÜf L?t S4, ShHro? Heat 72312.    Dectxhurit.d steel.    Appearance of 
aUfllÄÖnf«f5^x!3tl?^ lI* »Si ftactcre typical of OBXSSH 

•J •/Ir    . -*" ^    ^sideTiew 
S^:!r_f?^F«-    Or*Ain« «ad aeparatlon of at-i 
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Micro structures o:" asinets That aroke 
In  t..e Porrairife 0 -rutioas 

Sital Jttch 

dslmst D^, HoCord Lot ^MüJ,   Oamegl s 
-eat  <£^t?739-    Mprtensitic   surface 
lay.;r rosalting from decarburization, 
Wldtii of Inyer - O.OOlb11.     1-iagne^ic 
Traverse - 23.0". 

-B- X250 
nelmet D4.     Typical  craclvS La 
wartenuite layer resulting fron 
deformation of brittle 
constituent. 

-0- X1OC0 
nelmst il, i-jcCord Lot 5hlG,  Siiaron 
neut 72Ä3.    -«etwork of undissolved 
Ccjoiaes at grain bounaaries. 
..a^ietic Traverse - J.O". 

-*■ aooo 
Helmet Jii2, r.cCord Lot 5^B, iJ:.arou 
Heat 72198. Undissolved crjrbid^a. 
Magnetic Traverse - 1,0". 

•N IN.- 3' —■ 1 

FIG.   & 



Knoop Hardness Surrey of Deoarburla«d Surface 
of Helmet that Broke in Drawing Operation 

Nital Itch -JU X250 
Helmet DU. MoOord Lot ^MtS, Carnegie Heat 255739.    Knoop Hardness 
Surrey - 100 gram lead. 

J900 
Same as abore.    Awerage width of martvieitl« layer - 
0.0016". 
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Low C**ao/v -3rzsFc 

1,0 - -A, -* 

•i 

Hrtorj£io HEL/^ST SrseL 

0.O44 

PerwL5 OF Spor-W£LD£D   TEA/SILE: 

TEST SPEC/MF/V 

/a-a 43  ft.H. F/eu*.£ /. 



Microstructure of Spot Welds of rtagnetic 
"U" Type Chin Str^i Clips ■ ^^^1 •  % '^1 ■    ^ ^^\ %         1 VI   \ ^^^^1 

V      1 *     1 :«•.'- 

1 ^^B 

^H      Htiner CLIP             U Ct/^                     Heiner          ^B 
Unetcned                      -A-                     X25 
Helmet CU, McCord Lot 5^93,   Sharon 
Heat 72198.    Severe fusion zone 
cracking in the Hadfield Steel. 
Very poor weld. 

Uhetched                        -B-                    X25 
Helmet 01. McOord Lot 53>. Carnegie 
Heat 186917.    Weld porosity and 
fusion icne cracking. 
lAisatisfactory spot veld. 

v-:.-^ 

^ 
^2 

J4 
'•     •V\N; •.TIL,! 

»%*> 

\/ 

JJ 
>^\ 

Nital -0- XlOO 
Helmet Cl.    Area shown in -B-. 
Severe crocking at houndary of base 
metal aad zmae molten during   spot 
welding.     Dendritic atructure in 
molten region. 

Vital -&- X1000 
Keimst Cl.    lerrite, pear lite,  and 
martensite in magnetic  steel clip. 
Cast structure showing coring in 
austeritio steel. 

WTN.630-6167 FIGUHS 6 
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Urldual »(»unification IS 
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ZABLI II 

Oorrolatioa of 3urf«oe Condition with Steel jiallty 

DIM 
■9. 

McOord 

Poor «irfM« 

•IU«n«tlc 
TrOTtTM 
Inohat 

0.5 

Micro»truotor« Surfaoo Conditlom 

Al Satiifootozy - a» dooorl». Dontod 

A2 Poor nrfMo 2.0 ■                     ■ ■ 

A3 Poor mrfooo ^.5 ■                     ■ «uiiion-tkin'CPlguro 10) 

jtk Poor ■urfaoo 8.5 Sjpotty dooarburiiod lajror 
19 to 0.O01" thlok Mottled (Plguro 11) 

A5 Poor mirfae« 10 ■ ■ 

31 O00A •urfaeo 2.0 Satitfaotozy - no dooarb. Stoooth 

B2 Good •orfMo 6.0 ■                      ■ Siooth 

>3 Oood ■orfMO 6.0 ■                     ■ aaooth 

Hf flood ■or foot 5.5 
afcottjr dooarVurltod layer 
m  ta O.OOl»  tUak> Slightly aottlod 

35     flood «curfaeo       10.5 aaooth 

fiifet Äl~A5 ratod xaiaati ifactoxy at MoOord.   Nay aaug« draw braakaga do« to 
poor sorfaoea. 

Dlsoa B1-B5 ratod ■atitfaotexy at MoOord.    flood corfaoa condition. 

"•Araraga of throa tosta. 

mgRIOTH? 
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Sani« 
H«at   Ho. 

Lift Ho. 

50818 

Oroup 
tarttr    Souret 

6       Caniegl« 

L«tt«rl MeCord Supplier 

i    619.B   2U6s6l 

Sotoription 

H 

1 7             ■ 619-1   2^861 50818 

1 8                ■ 619^1   2l£g6l 50815 

1 9              • 619-1   2^s6l 50818 

H 10              ■ 

Souro« 

Carnegie 

619-I   2i*6g6l 

Haat Ho. 

508U 

DiiC Ho. MoCord          Sopplie 

612            177055 
r Doccrlptlon 

- SLoo. «nooth surface. 

- ■ 612           177055 Use, ■■oath gurfaoo. 

m ii 575           2H6803 Ül8C, rough surfaoo. 

~ ■ 575           2^3 SLao. rough mrfaco. 

- Sharon 603            72372 ULM, ■sooth turfao«. 

- ■ 603            72372 UM, ■eaoth ■urfao». 
SB 5«7            72^03 

5«7            72k)3 
Dlao, 

Dlao, 
rough iurfaca. 
rongk •urfaoa. 

St««X a«t>U«d by th« Sohlu«t«r Manufacturing Oaa^any 

n-io 

3,^.5 

Cl-10 

Sharon 

■ 

624            72195 

6>           72202 

371            720^ 

10 disc», fron haat with aatlo- 
factor/ drawing propartioo. 
3 diaoa,  fron boat with which 
drawing diffloultioa war* azpariMioad 
10 diaos   dafoetlTo bocauta of 

Al-10 HßA 72312 

laminations. 

10 Aiwa, dofootiwo,  Improperly 

ajtaidiuXit£ 
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lUfinetie Ttgt c/ MoOord H»L—t« 

Ualaot 
*>, 

Cl 

02 

04 

05 
06 

07 
08 
010 

m 
2)2 

»3 

»5 

XI 

£2 

«3 

Trsrwia 
lachet 

13.5 
■lalaaui - 8 

—I— - 30 
2.0 

2.0 

U.5 
8.5 

U.5 
11.5 

15.5 

7.5 
3.5 

23.0 

13.5 

0.5 

3.0 

1.0 

»jgH AT«rag« ef ihr«« 

diffarant Xooatlon 
on the h«lB«t. 

H3 
KH 

H5 

■ 
no 

Hclaet 
_lo. 

n 
12 

»3 
TU 

»5 
16 

rj 

01 

02 

»3 
04 

05 

06 

»7 

010 
JUgnetlc 
Trtverse 
laohe» 

8.0 

5.5 
8.5 
7.0 
5.0 
7.5 

11.0 
5.0 
5.5 
9.5 

MAB&CU« 
TraTert« 
laohai 

0.5 

2.5 

7.0 

6.5 
1.0 

7.5 
1.5 
1.5 
8.5 

0.5 

0.5 
1.0 
1.0 

0.5 

1.5 

0.5 

1.0 

0.5 

1.0 
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Spoolman HQ. H&terUl Breojcjag Load - Pound» 

1 18-8 to Hadfiald 3650 

2 ■ 3200 

3 • 3550 

4 ■ 
• 

3750 

5 ■ 3900 
▲Tonco 36OO pound» 

6 Low earton titool to Hodflold 2000 

7 ■ 2650 

8 I 3000 

9 ■ 2450 

10 • 

AT tract 
2200 
2750 pound» 

Soo lifart 6 for dlatntion» of ttntilt tpoolaim «ad dttall» of tpot  wold». 
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Dmf«f9t9 Located on H»lmat8 of Srlea 0 «ad g 

D>ta»t«<L a& Watartoim Ar awl 

, Mo. am, Deooription of D»f—t  

öl 2.0* crack 19 from odge at 335*»* no aotck 

(»2 

03 0.4" oraMk 19 from odco at 338*. at motoh 

^ 0.3' errnok 19 from odgo at 338*( at motoh 
0.3* crmck tq> from odgo at g*. no notoh 

06 

a? 

Of     0,3" ormak 19 from odco at 3*, no notoh 

09     0.3a «rmok «9 from odso at 13*. no notoh 

«0 

Hi 0.4" oraok 19 from od^o at }}km,  at notoh 

H7 

ag 

H5    0.3» oraok 19 frt« odgo at 333*, mo notoh 

ag - ^^__1  
«Olookvloo rototion, otorUn« from tho nlddlo of tho rloor ms 0*. 
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